Introduction
Eggplants are one of the most valuable vegetables widely cultivated in Japan.
In 1997, about 475 , 000 tons of eggplants were produced in an area of 14 , 000 ha1). A survey in 1997 revealed that the labor employed in harvesting eggplants was 7, 197 1 shows the relationship between the fruit weight and the dimensions measured and Table 1 indicates the correlation coefficient. The graph shows that the eter were increased as the fruit grows, and the correlation coefficients were also high. However, it would be difficult for a visual sensor to measure the minimum diameter because its rate of increase was low, so the fruit length and the maximal diameter could be considered more appropriate indices for selective harvesting.
In addition, fruit angle was investigated as fruit inclination to the vertical. Photos of fruits were taken from the direction perpendicular to the row and the inclinations of the fruit to the vertical were measured. Accordingly, the average angle of 'Senryo 2' was valid that the fruit could set almost in a vertical way .
Machine vision system
The 
Image processing technique
Color segmentation has proven to be one of the most important ways to distinguish biological targets.
Using a color information of eggplants, which falls within the low spectral reflectance in the visible spectrum11), a two-step machine vision algorithm to recognize eggplants was developed. The first step was a color segmentation operation to detect possible fruit portion, and the second step was a vertical-dividing operation to extract long and vertical object .
The machine vision program was developed on the AT compatible computer using C language . Fig. 2 shows the flowchart and the process was as follows . 4 illustrates the vertical-dividing operation. After color segmentation, the fruit binary image including stems and leaves ( Fig. 4 -a) could be divided vertically by calculating logical product between the fruit binary image and the two templates ( Fig. 4-b, 4-c) .
Here, the portions less than 60 pixels in length would be divided into 3-pixels-width lines. Only the maximal area objects from the Template A and B remained ( Fig. 4-d, 4 -e) . By calculating logical product of both maximal area objects, several long lines with 3pixels-width could be obtained. These several long lines could be joined after applying the swelling operation, so that the final object could be recognized as a fruit ( Fig. 4-f ).
Finally, the program computed five geometric features of the fruit binary image, namely area, centroid, 
Evaluation test of the vertical-dividing operation
The vertical-dividing operation could eliminate the objects less than 60 pixels in length theoretically, so a test to evaluate the vertical-dividing operation was conducted.
A fruit binary image including the stem was created manually, and it was composed of a fruit binary image and a diagonal line inclined by 45 from the top-left to the bottom-right ( Fig. 5-a, Fig. 5-b ).
The vertical length of the diagonal line defining as the Fig. 7 and 8 . The part detection was caused by halation on upper portion of the fruit, in other words, the color information of this portion was lost because of its glossy nature (Fig. 7) .
Since a similar phenomenon have been observed in the previous study"), a further study to overcome this problem would be necessary.
On the other hand, recognition failures were observed in several images.
For example, a fruit and a shadow were detected simultaneously because of overlapping of the fruit and the leaves more than 60 pixels in length, and a shadow only was detected under direct natural sunlight.
Then, other fruit at the back of the target was detected because the image area was larger than that of the Fig. 9 . The relationship between the actual diameter and the estimated diameter at '200 mm Indoor' is shown in Fig. 10 . It was noted that the algorithm could be used to estimate the diameter but still has an estimation error, so further research needs to be conducted to improve the accuracy and to counter with a halation.
Conclusions
This study has led to the feasibility that eggplants could be discriminated by the machine vision. The algorithm was robust to light level because simple color segmentation was used to obtain the eggplant fruit binary image. Moreover, the vertical-dividing operation eliminated noise such as leaves and stems based on the morphological characteristic that the fruit bears almost vertically, and it could be valid that there was no effect of fruit angle on fruit recognition.
The algorithm could recognize potentially at a high ratio, although it is observed that the algorithm detected erroneously both the fruit and leaves because of overlapping.
The machine vision algorithm could accurately estimate the fruit maximal diameter, which would be one of the indices for selective harvesting.
Underestimation of the fruit length, however, was Table 3 Results of fruit size estimation by the machine vision algorithm 
